Data of long-term immunosuppressive protocol comparison are lacking. The goal of this study was to compare kidney transplant outcome using three common immunosuppressive protocols. A retrospective study was performed of the graft and recipient survival using US Renal Data System data (n ‫؍‬ 31,012) between January 1, 1995, and December 31, 1999, with the follow-up through December 31, 2000, on prednisone ؉ cyclosporine ؉ mycophenolate mofetil (PCM; n ‫؍‬ 17,108), prednisone ؉ tacrolimus ؉ mycophenolate mofetil (PTM; n ‫؍‬ 7225), or prednisone ؉ cyclosporine ؉ azathioprine (PCA; n ‫؍‬ 6679). Compared with PCM, there is an increased risk for allograft failure associated with PTM (hazard ratio [HR] 1.09; P < 0.05) and PCA (HR 1.15; P < 0.001). Similar associations were demonstrated in the following subgroups: Early (before 1997) and late (in or after 1997) transplant periods, in living-donor transplants, and in adult and kidney-only recipients. This association also was found between PCA regimen and graft survival in the entire patient population (HR 1.15; P < 0.001) and in the studied subgroups. PCA (HR 1.15; P < 0.005), but not PTM (HR 1.01; P ‫؍‬ 0.816), regimen was associated with increased recipient mortality in the entire patient population and in patient subgroups. Secondary outcomes (serum creatinine values at given time points, acute rejection rate, and posttransplantation malignancies) are also discussed. These data suggest that a PCM regimen is associated with lower risk for graft failure compared with a PTM regimen and with lower risk for graft failure and recipient death compared with a PCA regimen.
K idney transplant improves survival in recipients compared with patients who have ESRD and remain on the waiting list (1) . The average deceased-donor graft fails at approximately 10 yr, with chronic allograft nephropathy being the main cause of failure other than patient death (2) . In the past decade, the immunosuppressive armamentarium has increased substantially; several choices are now available for immunosuppression in kidney transplant recipients. Improvement in patient and graft survival over time has correlated best with the introduction of new, more effective immunosuppressive agents. These newer immunosuppressant medications have shown equal or superior short-term (1 yr) outcomes in comparison with the established immunosuppressive medications (3) (4) (5) . We have seen improvement in short-term graft survival, as a result of the reduction in the incidence of acute rejection episodes or potentially a better use of existing medications (6) . Unfortunately, these improvements in immunosuppression and reduced incidence of acute rejection episodes have had only minimal effects on chronic allograft nephropathy and late graft loss (2, 7) .
There is continuing shift in the calcineurin inhibitors that are used, from cyclosporine to tacrolimus, and in antimetabolites that are used, from azathioprine to mycophenolate mofetil (MMF). Both tacrolimus and MMF were introduced for kidney transplantation in the mid-1990s; since then, according to Scientific Registry of Transplant Recipients, in 2003, 67% of kidney transplant recipients received tacrolimus and 81% received MMF at the time of discharge (8) .
Numerous clinical trials have compared the various immunosuppressive agents. These trials historically have evaluated the short 1-yr outcomes of graft and patient survival and have contained a relatively small number of patients. The results from clinical trials that have used tacrolimus and/or MMF have varied in their outcomes.
Clinical trials have shown superior graft survival with tacrolimus when compared with cyclosporine (9) , whereas others have failed to show any significant differences in either graft or patient survival (3, 10) . Other trials have shown improved renal function for tacrolimus-based regimens when compared with cyclosporine-containing regimens but showed no significant differences in graft or patient survival (11) . Conversely, in the brief report based on the United Network for Organ Sharing (UNOS) Scientific Renal Transplant Registry, analysis by Bunnapradist and Takemoto (12) demonstrated the better 3-yr graft outcome in patients who were on a cyclosporine ϩ MMF regimen than in those who were on a tacrolimus ϩ MMF regimen. Similar data for clinical trials that compared MMF with azathioprine can be found. Although MMF has been shown to decrease the incidence of acute rejections when compared with azathioprine in renal transplant recipients, the 3-yr follow-up of the United States and the Tricontinental studies did not show an increase in graft survival (13, 14) . Ojo et al. (15) subsequently showed an improved 4-yr graft survival in patients who were treated with MMF when compared with patients who were treated with azathioprine. To date, long-term outcome studies of various immunosuppressive regimens are lacking. The goal of this project was to analyze retrospective data provided by the US Renal Data System (USRDS) and to compare the graft and recipient outcomes of kidney transplants that were managed with the three most common maintenance immunosuppressive protocols over the last 5 yr of the last century.
Materials and Methods

Study Design and Source of Data
The study was performed retrospectively using a national data set of kidney and kidney-pancreas transplants. The data were collected by the USRDS and UNOS of all kidney allograft recipients (both pediatric and adult) who underwent kidney or kidney-pancreas transplantation during the period of January 1, 1995, through December 31, 1999. The follow-up period was extended through December 31, 2000. The reasons that we selected only patients who received a transplant in 1995 or later were (1) major changes in clinical practice and immunosuppressive regimens took place in the mid-1990s, and (2) in our experience with USRDS data analysis, the data were deemed much more reliable and complete starting in 1995. For recipients of multiple transplants, the most recent one was considered the target transplant (transplant of interest). Patient records with missing information regarding graft or patient survival were excluded from the study. Only patients who were treated with maintenance immunosuppression with one of three regimens were selected for the study: Prednisone ϩ cyclosporine ϩ MMF (PCM), prednisone ϩ tacrolimus ϩ MMF (PTM), and prednisone ϩ cyclosporine ϩ azathioprine (PCA). Patients who did not have the information regarding their maintenance immunosuppressive therapy were excluded from the study; therefore, the total number of patients who were included in the analysis was 31,012. The records that were used in this study were extracted from the data set that was previously analyzed by our group using approaches to data cleaning and validation described elsewhere (16 -18) .
Outcome Measures and Definitions
Primary Outcomes. There were two primary outcomes in this study: (1) Graft survival, measured as the time between the most recent kidney transplant and the failure of the graft, and (2) recipient survival, measured as the time between the most recent kidney transplant and the patient's death. Graft outcome was censored at the earliest of the following events and was analyzed as days to graft failure or censor: Loss to follow-up, patient death, or the study completion date (December 31, 2000) .
We used death-censored definition of graft failure, i.e., graft failure definition did not include patient death with a functioning graft, the latter determined in the USRDS as a single binary variable. In case the value of this variable was missing and the patient's death date was found to be equal to the graft failure date, we assumed that the patient died with a functioning graft, unless the cause of death was coded by the International Classification of Diseases, Ninth Revision as one of the following: 3200 (graft failure: primary failure), 3201 (graft failure: rejection), 3202 (graft failure: technical), 3299 (graft failure: other), or 3903 (miscellaneous: renal failure). Patient follow-up was censored at the earliest of loss to follow-up or study completion date and was analyzed as days to recipient death or censor.
Secondary Outcomes. In addition, several secondary outcomes were compared between the study groups: Average creatinine value at 6 mo and 1, 3, 5, and 7 yr; the rate of acute rejection episodes; and the rate of posttransplantation malignancies. We used the variable MALIG from the TXFUUNOS file as a source of posttransplantation malignancy information.
Independent Variables
Primary Variable of Interest. The primary variable of interest was the type of maintenance immunosuppressive regimen at the time of discharge from the hospital. Three regimens that were considered the most common maintenance protocols in the 1990s were selected for this analysis as indicated above: PCM, PTM, and PCA.
Covariates. Cox models were adjusted for the covariates that were believed to present a potential source of confounding (i.e., potentially affecting the primary variables of interest and the outcome). The final decision of which covariates to include into the final models was based primarily on the known associations between variables that could cause confounding of the primary variables of interest; therefore, even variables that had no significant association with the outcome and were not selected by the stepwise regression but were deemed to be clinically significant or represent potential confounding were included in the final model. Results of the stepwise analysis were used only as a supportive tool.
To adjust for patients' comorbidities, we calculated a comorbidity score similar to the one proposed by Davies et al. (19) but limited to comorbid conditions that were available in the data set and listed below and collected at the time of transplantation. The Davies score has been shown to be strongly associated with outcome (survival) in a prospective study of 97 peritoneal dialysis patients. The comorbidity score that was used in this study was calculated on the basis of the following coexisting conditions, each of them contributing one point to the score: Cardiovascular disease (defined in USRDS as symptomatic cardiovascular disease or angina/coronary artery disease), symptomatic peripheral vascular disease, diabetes, and hypertension. Information about coexisting conditions was obtained from the Transplant UNOS (TXUNOS) file, and comorbidity information was collected from the Transplant Candidate Registration Form. Therefore, the comorbidities that were used for this study are those that the patient had at the time of listing for the most recent transplant.
The covariates included a recipient comorbidity score, other recipient variables (recipient age, gender, race, height, weight; primary cause of ESRD; history of hypertension; diabetes; previous transplant; total duration of ESRD; total number of transplants; peak and mean panel reactive antibody [PRA] level; number of matched HLA antigens; number of pretransplantation transfusions; and fractions of the ESRD course spent on peritoneal dialysis and hemodialysis), donor variables (type of donor [deceased or living] and donor age, gender, race, height, weight), and cold ischemia time.
Unrealistic values of the independent variables that were used in the study were eliminated. In particular, for donors and recipients who were younger than 13 yr, the Centers for Disease Control and Prevention growth charts were used as a guide for determining valid ranges. The heights and weights of recipients and donors who were 13 yr and older were based on the acceptable ranges: height, 120 to 275 cm; and weight, 23 to 180 kg.
Statistical Analyses
Survival Analysis. Kaplan-Meier survival curves were used to display hypothesized relationships, and Cox regression models were used to analyze time to event. Data were analyzed using SAS, version 9 (SAS Institute, Cary, NC). To reduce potential bias in the analysis, in addition to analyzing the whole patient population, we stratified Cox models by the transplant era (because different protocols were used mostly in different eras, with PCA being the earliest one and PTM being the latest). The time periods selected for this study were (1) early period (all kidney and kidney-pancreas transplants that were performed between January 1, 1995, and December 31, 1996) and (2) late period (transplants that were performed between January 1, 1997, and December 31, 1999) . In addition, survival analysis was stratified by the type of kidney donor (living versus deceased), because living donors might have been considered to be at lower risk and therefore affect the choice of immunosuppression.
Secondary Outcome Analysis. Study groups were compared with respect to secondary outcomes using ANOVA (creatinine concentration at different time points) and 2 (acute rejection episodes and posttransplantation malignancies). In addition, secondary outcomes were evaluated in multivariate analysis using linear (creatinine values) or logistic (acute rejection episodes, posttransplantation malignancies) regression models. The models were adjusted for all of the covariates listed above and were evaluated for the role of immunosuppressive regimen (primary variable of interest) with respect to the secondary outcomes.
Results
Baseline Characteristics
Baseline characteristics of the patient population (n ϭ 31,012) are presented in Table 1 . Among recipients, the average age was 44.2 Ϯ 14.3 yr, 39.6% were female, 68.7% were white, and 23.3% were black. A total of 55.2% (n ϭ 17,108) of patients were receiving maintenance PCM, 23.3% (n ϭ 7225) were receiving PTM, and 21.5% (n ϭ 6679) were receiving PCA. Because different immunosuppressive drugs were introduced at different time periods, we evaluated the prevalence of different immunosuppressive protocols in transplants that were performed in two different time periods during the study: Before 1997 and during 1997 and later. Before 1997, 38.1% of the transplant recipients were placed on PCA maintenance at the time of discharge, 50.1% were placed on PCM, and 11.9% were placed on PTM. During and after 1997, 16.3% were placed on PCA maintenance, 56.8% were placed on PCM, and 26.9% were placed on PTM. We compared baseline characteristics of the patients in the three study groups using ANOVA for continuous variables and 2 for the categorical variables (Table 2) .
Survival Analysis
Using the PCM group as a reference, the Cox model demonstrated the increased risk for allograft failure associated with the PTM (hazard ratio [HR] 1.08; P Ͻ 0.05) and the PCA (HR 1.14; P Ͻ 0.001) regimens (Table 3 ). The PCA (HR 1.15;P Ͻ 0.005) but not the PTM (HR 0.99; P ϭ 0.9) regimen was associated with increased recipient mortality (Table 3 ). This association is illustrated by Kaplan-Meier survival curves for donor and recipient survival (Figures 1 and 2 ).
Survival Analysis in the Subgroups
Transplant Era. Because clinical practice evolved during the follow-up period of our study, we analyzed the outcomes a Continuous variables presented as mean (SD). PCM, prednisone ϩ cyclosporine ϩ mycophenolate mofetil (MMF); PTM, prednisone ϩ tacrolimus ϩ MMF; PCA, prednisone ϩ cyclosporine ϩ azathioprine; PRA, panel reactive antibodies.
of the transplants that were performed during two time periods as described above: (1) From January 1, 1995, and through December 31, 1996 (early period), and (2) from January 1, 1997, through December 31, 1999 (late period). Among patients who received a transplant in the early period (n ϭ 7448), 11.7%
were on PTM, 38.1% were on PCA, and 50.2% were on PCM. Among those who received a transplant in the late period (n ϭ 23,564) 26.9% were on PTM, 16.3% were on PCA, and 56.8% were on PCM.
Among the transplants that were performed in the early a Continuous variables presented as mean (SD). Continuous variables in the groups were compared using ANOVA, categorical variables were compared by 2 test. All differences are statistically significant with P Ͻ 0.001 except for donor weight (P ϭ 0.188). Individual groups were not compared with each other. 19 ; P Ͻ 0.05) and PCA (HR 1.14; 95% CI 1.04 to 1.25; P Ͻ 0.01) regimens were associated with significantly greater risk for graft failure. Recipient survival had no significant association with either PTM or PCA regimens in the early or late periods. For the early period, HR was 1.04 (P ϭ 0.693) and 1.10 (P ϭ 0.15) for the PTM and PCA regimens, respectively. In the late period, HR was 1.003 (P ϭ 0.96) and 1.14 (P ϭ 0.057) for the PTM and PCA regimens, respectively ( Figure 2) . Year of Transplantation. To evaluate the outcome in patient cohorts with the same or similar duration of follow-up, we stratified the analysis by the year of transplantation, evaluating the patients who received a transplant in 1995 (n ϭ 997), 1996 (n ϭ 6451), 1997 (n ϭ 8160), 1998 (n ϭ 8379), and 1999 (n ϭ 7025) separately. Patients who received a transplant in 1995 would have had 5 to 6 yr of follow-up during the study, those who received a transplant in 1996 would have had 4 to 5 yr of follow-up, those who received a transplant in 1997 would have had 3 to 4 yr of follow-up, etc. For the graft survival, using PCM as a reference group, the results were as follows: In the recipients who received a transplant in 1995, the PTM regimen was associated with an increased risk for graft failure (HR 1.49; P Ͻ 0.05), whereas the PCA regimen did not have any significant association. In the recipients who received a transplant in 1996, no significant associations between the graft survival and maintenance immunosuppressive regimen were found. For the recipients who received a transplant in 1997 and 1998, only PCA was associated with shorter graft survival (HR 1.14 and 1.25, respectively; P Ͻ 0.05). Finally, recipients of a kidney Figure 1 . Kaplan-Meier curves illustrating the effect of the immunosuppressive protocol on the renal graft survival (A) and recipient survival (B). There is better graft survival in patients who were on the prednisone ϩ cyclosporine ϩ mycophenolate mofetil (PCM) regimen (P Ͻ 0.001 by log-rank). There is no difference in recipient survival on different immunosuppressive regimens (P ϭ 0.8 by log-rank). Figure 2 . Illustration of the results of Cox proportional hazard model. Hazard ratio (HR) of the graft failure and recipient death in the whole group of patients and in the subgroups based on the transplantation period (early versus late) and donor type (deceased versus living). Patients who were on the prednisone ϩ cyclosporine ϩ mycophenolate mofetil regimen were used as a comparison/reference group (HR 1.0; *P Ͻ0.05).
transplant in 1999 had an increased risk for graft failure associated with PTM (HR 1.17; P Ͻ 0.05), whereas PCA did not have any significant association with graft survival. We did not find any significant association between the maintenance immunosuppressive regimen and the recipient survival in the cohorts of patients who were stratified by the transplant year. Living versus Deceased Donor. Separate analysis was performed for the recipients of living-and deceased-donor transplants. Among the recipients of a living donor kidney (n ϭ 8924), 19.6% were on PTM, 23.4% were on PCA, and the remaining 57% were on PCM. Among the recipients of a deceased-donor kidney (n ϭ 22,088), 24.8% were on PTM, 20.8% were on PCA, and the remaining 54.4% were on PCM.
In the recipients of the deceased-donor graft, using PCM as a reference group, PTM had no significant association with the allograft outcome (HR 1.04; P ϭ 0.284), whereas the PCA regimen was associated with an 18% increased risk (HR 1.18; 95% CI 1.1 to 1.27; P Ͻ 0.001). In the recipients of a living-donor kidney, PTM (HR 1.22; 95% CI 1.06 to 1.41; P Ͻ 0.01) but not PCA (HR 1.05; P ϭ 0.51) was associated with a higher risk for graft failure as compared with PCM ( Figure  2 ). Furthermore, because the analysis is somewhat suggestive of a potential superiority of PCA over PTM in the recipients of living-donor kidneys, we repeated the Cox analysis in living donors, with PTM group as a reference. That provides direct comparison between PCA and PTM regimens. Although, as expected, the PCM regimen had an advantage over the PTM regimen (HR 0.820; 95% CI 0.71 to 0.95; P Ͻ 0.01), the PCA regimen was not significantly different from the PTM regimen. Therefore, we concluded that the PCM but not the PCA maintenance regimen is superior to the PTM regimen in living-donor recipients.
In recipients of a deceased-donor kidneys, recipient survival had no significant association with the PTM regimen but was significantly associated with the PCA regimen (HR 1.17; 95% CI 1.05 to 1.29; P Ͻ 0.001). In recipients of a living-donor kidney, recipient survival had no significant association with either one of the maintenance immunosuppressive regimens (Figure 2) .
Adult versus Pediatric Recipients. Separate analysis was performed for the recipients who were younger than 18 yr (pediatric) and those who were 18 yr and older (adult). In pediatric patients (n ϭ 1227), 18.3% were on PTM, 35.0% were on PCA, and the remaining 11.7% were on PCM. In adult recipients (n ϭ 29,785) 23.5% were on PTM, 21.0% were on PCA, and 55.5% were on PCM. Among pediatric patients, we did not find any significant association between the drug regimen and the graft or recipient outcomes. In adults, the results were similar to those in the entire study population: PTM was associated with increased risk for graft failure (HR 1.08; P Ͻ 0.05) but not recipient survival, whereas PCA was associated with increased risk for both graft failure (HR 1.14; P Ͻ 0.001) and recipient death (HR 1.14; P Ͻ 0.01).
Kidney-Only versus Simultaneous Kidney-Pancreas Transplant. We performed separate analyses of the recipients of kidney-only transplants and kidney-pancreas transplants (SPK). The information about SPK was missing in 542 patients; therefore, 28,404 patients with kidney-only transplants and 2066 patients with SPK were included in the analysis. In patients with kidney-only transplants, 20.9% were on PTM, 22.5% were on PCA, and the remaining 56.6% were on PCM. In SPK recipients, 55% were on PTM, 7.6% were on PCA, and 37.4% were on PCM. In SPK recipients, we did not detect any significant association between the drug regimen and either graft or patient survival. In the recipients of kidney-only transplants, results were similar to those in the entire patient population: In comparison with the PCM regimen, PTM was associated with increased risk for graft failure (HR 1.10; P Ͻ 0.01) but not recipient death, whereas PCA was associated with both increased risk for graft loss (HR 1.15; P Ͻ 0.001) and recipient death (HR 1.16; P Ͻ 0.005).
Effect of Induction Therapy. Because the results of the survival analysis potentially could be confounded by induction therapy, we collected the data describing the induction regimen divided into the following groups: Muromonab-CD3 (OKT3), antithymocyte globulin (ATG), IL-2 receptor mAB (IL-2R mAb; daclizumab or basiliximab), and other or missing. The last category included patients with no induction, those in whom induction therapy information was missing, and those in whom regimens other than OKT3, ATG, or IL-2R mAb induction were used. Of the total patient population, ATG was used for induction in 5152 patients, OKT3 was used in 3904 patients, IL-2R mAb was used in 3337 patients, and the rest of the recipients (n ϭ 18,619) either were on other induction therapy or had information missing. We included the information regarding the induction therapy into the Cox model and reanalyzed the data. The results were similar to those reported above. Using the PCM group as a reference, graft survival in the recipients who were on PTM (HR 1.07; P Ͻ 0.05) PCA (HR 1.15; P Ͻ 0.001) were associated with increased risk for graft failure. For recipient survival, only PCA regimen was associated with significant risk (HR 1.14; P Ͻ 0.01).
Secondary Outcomes
Serum Creatinine Levels in the Study Groups. We compared average creatinine values at different periods in the three study groups. Because of the missing values of creatinine, we used only records with nonmissing information: 27,609 patient records were used for 6-mo, 26,748 were used for 1-yr, 21,243 were used for 3-yr, 7687 were used for 5-yr, and 218 were used for 7-yr analyses. Creatinine value in the PTM group seems to be consistently lower than in PCA or PCM groups, except for the 7-yr follow-up (Figure 3) . We compared creatinine values among the three study groups using ANOVA and demonstrated significant differences (P Ͻ 0.001 for 6-mo, 1-yr, and 3-yr follow-ups; P Ͻ 0.01 for 5-yr follow-up), except for the 7-yr follow-up, for which the difference is NS. These associations were confirmed further by the linear regression model adjusted for the covariates listed in Materials and Methods.
Posttransplantation Malignancies in the Study Groups. We identified 29,050 patients who had information on the presence or absence of the posttransplant malignancies: 4.9% of the patients who were on PCA, 3.8% of the patients who were on PCM, and 2.8% of the patients who were on PTM received a diagnosis of having posttransplant malignancies (P Ͻ 0.001 by ANOVA). Logistic regression confirmed that trend: Using the PCM group as a reference, PCA was associated with greater rate of posttransplantation malignancies (odds ratio [OR] 1.26; 95% CI 1.09 to 1.46; P Ͻ 0.005), whereas PTM was associated with reduced risk for posttransplant malignancies (OR 0.78; 95% CI 0.66 to 0.93; P Ͻ 0.01).
Because results potentially could be confounded by the induction therapy, we analyzed an additional model adjusted for the induction therapy as described above. The PTM regimen was associated with lower risk for posttransplantation malignancies as compared with PCM (OR 0.80; 95% CI 0.671 to 0.95; P Ͻ 0.05), whereas the PCA regimen demonstrated a greater risk (OR 1.24; 95% CI 1.07 to 1.44; P Ͻ 0.005). Finally, we analyzed the smaller data set limited only to patients who were on OKT3, ATG, or IL-2R mAb (n ϭ 12,393). The direction of the association between the maintenance immunosuppressive regimen and posttransplantation malignancies was the same, although it lost statistical significance. It is interesting that in this small data set as compared with the IL-2R mAb group, both OKT3 (OR 1.60; 95% CI 1.21 to 2.12; P Ͻ 0.001) and ATG (OR 1.47; 95% CI 1.12 to 1.94; P Ͻ 0.01) had significant association with posttransplantation malignancies.
Acute Rejection Episodes. We performed analysis to compare the rate of acute rejection in the study groups. Only 3595 patients had information regarding the acute rejection in the posttransplantation period. We compared the number of rejection episodes in the groups using ANOVA, as well as logistic regression adjusted for all of the covariates listed in Materials and Methods. Neither approach demonstrated a significant difference in the acute rejection rate among the groups.
Discussion
Multiple factors have been shown to affect the outcome of renal transplantation. These include demographic characteristics (20) such as race and ethnicity (21) , pretransplantation dialysis course (17) , and the timing of the transplantation (16) . Patient response to the transplantation procedure (e.g., delayed graft function, acute rejection, acute tubular necrosis) is strongly associated with the long-term prognosis (22) . The selection of the appropriate immunosuppressive regimen (including induction and maintenance) is without doubt one of the most important modifiable factors that might affect the short-term events, as well as long-term results of the transplantation.
Determining the optimal maintenance immunosuppressive regimen in kidney transplantation is an area of continued research. The immunosuppressive regimen that provides the best long-term outcome has yet to be defined. There are multiple factors to consider when choosing a maintenance immunosuppressive regimen, including the adverse-effect profile, cost, potency, and effect on allograft function (23) . Because of the short-term outcomes and the low power of trials for new immunosuppressants, there is little information about the longterm graft outcomes that are associated with the various maintenance immunosuppressant regimens (24) .
The short-term outcome of the kidney transplant, mostly expressed as an incidence of acute rejection, has been shown to be better with tacrolimus than with cyclosporine in both pediatric (25) and adult (26, 27) kidney transplant patients as well as in heart transplant recipients (28) . In lung transplant recipients, the episodes of acute rejections were similar in patients who received cyclosporine and those who received tacrolimus in combination with steroids and MMF (29) . The data regarding long-term outcome are controversial. In the recipients of living-donor kidney transplants, cyclosporine ϩ MMF had better long-term outcome in terms of all-cause graft failure and death-censored graft failure than tacrolimus ϩ MMF (12) . However, other authors reported better 3-yr outcome with tacrolimus-based regimens as compared with cyclosporine-based regimens (30, 31) or no significant difference between the protocols (32, 33) . In a recent study that was based on 2-yr follow-up and compared tacrolimus-and cyclosporine-based regimens, the authors demonstrated no difference in the graft loss between the regimens; however, renal function was better in patients who received tacrolimus (26) . Using the annualized change in GFR as an outcome, the superiority of the tacrolimus ϩ MMF regimen in preserving renal function has been demonstrated in a study by Gill et al. (24) . This study, however, was criticized for potential biases, including the nonuniform measurements of renal function between immunosuppressive regimens and between transplant centers (34) . Despite the lack of long-term outcome data, the trend in recent years has been toward a shift from cyclosporine-based to tacrolimus-based and from azathioprine to MMF regimens (35) .
We attempted the analysis of the kidney transplants that were performed during the last 5 yr of the last century to compare the long-term outcomes of the patients who received the three most frequently used drug protocols. Because the data are available, we considered extending the study period into the earlier years of 1990s but decided against it. Our study Figure 3 . Results of mean serum creatinine concentration in the study groups at 6 mo, 1 yr, 3 yr, 5 yr, and 7 yr posttransplantation. Differences between the groups are significant by ANOVA for 6 mo, 1 yr, and 3 yr (P Ͻ 0.001) and for 5 yr of follow-up (P Ͻ 0.01). Differences are NS for 7-yr of follow-up.
period covers the use of all three immunosuppressive regimens of interest, whereas comparing early 1990s (when azathioprine and cyclosporine mostly were used) with the later years (when tacrolimus and MMF started to dominate) would not be a fair comparison, because major changes in practice took place during the 1990s. Stratifying analysis by the transplantation era, as well as analyzing cohorts of patients who received a transplant in the same year to some extent should eliminate the confounding factor of time and the related issue of evolving clinical practice on the outcome.
This study demonstrates that the use of PTM and PCA as maintenance immunosuppression between 1995 and 1999 was associated with increased risk for graft failure by 9% (P Ͻ 0.05) and 15% (P Ͻ 0.001), respectively, as compared with the PCM protocol. Using the PCA regimen was associated with worsening of recipient survival by 15% (P Ͻ 0.005) as compared with PCM. Similar results were reported by other investigators who analyzed long-term outcome on the large kidney transplant data sets (12) , in which, using data from the UNOS Scientific Renal Transplant Registry, authors demonstrated that the death-censored graft failure is 25% higher in the tacrolimus ϩ MMF group as compared with cyclosporine ϩ MMF. Woodward et al. at the recent American Transplant Congress presented results of the analysis in which graft survival in patients who were on the PCM regimen was superior to those who were on the PTM regimen in living-donor (36) and deceased-donor (37) kidney transplant recipients. In the analysis of the secondary outcomes, the results seemingly are pointing in another direction. Serum creatinine concentration values were consistently lower in the PTM group, except for the 7-yr follow-up time point. Results of this analysis should be interpreted cautiously. Serum creatinine has been used in numerous studies as a surrogate outcome, when the longer follow-up period to observe graft failure is not feasible. In this project, however, we believe that we have long enough follow-up to observe adequately the "hard" outcomes (graft failure and recipient death) to make a conclusion. In a way, a patient's serum creatinine value at a given point in time probably is less important, as long as his or her graft is surviving longer. In addition, while interpreting these results, one must realize one very important potential flaw of this type of analysis. Comparing serum creatinine values among the groups at a given time point may be misleading because only patients who survived to that time point are included in this analysis. Therefore, if the PTM group were to have a higher graft failure rate, then creatinine might be artificially lower in the surviving patients as compared with the PCM group, in which fewer patients failed the transplant, and therefore average creatinine values might be artificially higher (survivor bias). For example, it is conceivable that if two cohorts of patients are compared and in the first one the graft failure rate is greater than in the second one, then the average creatinine also might be lower in the first cohort, because only the "healthiest" patients remain in the study. In the second cohort, in which the graft failure rate is slower, more patients with dysfunctional graft that has not failed yet would remain in the study, and therefore the average creatinine might be higher. This still would mean the better outcome (lower rate of graft failure) in the second cohort despite higher average creatinine concentration.
Another interesting finding of this study is a significantly lower rate of posttransplantation malignancies in the PTM compared with PCM and PCA groups. This phenomenon, however, did not translate into improved patient survival in the PTM group as compared with the PCM group. Contrary to our results, in a recent meta-analysis, no difference was demonstrated between tacrolimus-based and cyclosporine-based regimens (38) . It has been suggested by other authors that induction therapy might be equally or even more important than the maintenance immunosuppression in development of posttransplantation malignancies (39) . Adjusting our model for the induction therapy demonstrated results similar to those that we detected in the model that was not adjusted for induction, suggesting lower risk for posttransplantation malignancies with PTM regimen.
This study is a retrospective analysis that used data that were reported to the USRDS. There are limitations as well advantages to large renal transplant database analyses. Database analyses can show long-term differences in outcomes, but the results must be evaluated with caution. Using a database such as the USRDS provides the statistical power to help to determine the differences between current maintenance immunosuppressive regimens. However, because the database does not contain information about the dosage or the duration of therapy, caution must be taken when making conclusions from the data. Certain limitations should be considered when interpreting the results of this study. Selection bias is a common flaw of a retrospective analysis. On the basis of our results, the outcome of the cyclosporinebased regimen is superior to that of the tacrolimus-based protocol. We recognize that during the early use of tacrolimus, it was a tendency to use it mostly in the higher risk population, e.g., those with higher PRA levels, retransplants, black race, hence the selection bias. Indeed, we compared subgroups of patients who were on three immunosuppressive regimens of interest and found that there is a very small, although statistically significant, difference in the baseline characteristics among the study groups (Table 2 ). To reduce this potential bias, we adjusted the Cox model for the risk factors of premature graft failure: Recipient race, PRA levels, number of previous blood transfusions, number of previous transplants, and comorbidity index. Including these potential confounding factors in the multivariate model should reduce the bias considerably. In addition, we tried to reduce the selection bias by stratifying analysis by the transplantation era, as tacrolimus became more of a "mainstream" medication (as opposed to being used in high-risk patients only) in the later 1990s. Also, because living donors might have been considered at lower risk and therefore affect the choice of immunosuppression, we stratified the analysis by donor type. Finally, we analyzed pediatric and adult recipients and kidney-only and SPK recipients separately. The negative association between the PTM regimen and graft survival was observed in the entire patient population. Importantly, the observed negative association between the PTM regimen and graft outcome was observed not only in the early period but also in the late period, when the use of tacrolimus supposedly was not limited only to the high-risk patient population. The negative association between the PCA regimen and graft survival was observed in the entire patient population and only in late but not in early transplantation periods and only in deceased-but not in living-donor transplants (Figure 2) . The described associations also were revealed in adult recipients and kidney-only recipients (but not in pediatric and SPK recipients). Specifically, there is no superiority of PTM as compared with PCM in SPK recipients. Subgroup analysis of the recipient survival did not demonstrate any association between PTM regimen and the recipient survival either in the whole patient population or in any of the subgroups. As kidney transplant recipient survival is relatively long, it is conceivable that a longer follow-up period is needed to observe enough events to demonstrate a difference between the PTM and PCM regimens. The negative association between the PCA regimen and recipient survival was demonstrated in the whole patient population, but in the subgroup analysis, only patients who received a deceased-donor kidney, adult recipients, and those who received a kidney-only (as opposed to SPK) transplant had increased risk for death on this regimen.
Unfortunately, any study that evaluates the long-term outcome has to deal with the fact that the practice evolves during the time of the study. We partially addressed this issue by performing analysis separately for early and late transplantation eras. However, the clinical practice even during the late era of the study (late 1990s) is different compared with the current practice in the early 2000s. In particular, the proportion of various immunosuppressive regimens during the study is different from that in the modern days. We tried to address that by performing additional analyses that compared centers that use a particular regimen (PCM, PCA, or PTM) exclusively or predominantly. However, the amount of missing data related to the immunosuppressive regimen evaluated separately by the transplant center prevented us from performing this analysis. We did, in fact, identify the centers that lean toward one regimen or another; however, in every case, we encountered a high amount of missing information that made the classification of the center into predominantly PCM, PCA, or PTM potentially erroneous. Therefore, the results of this analysis potentially might be misleading and are not presented here. Our study was performed in a retrospective manner and unfortunately does not provide the explanations for the mechanism of the observed associations. Future studies are needed to confirm this association and establish the mechanism of it. In general, the difference in graft survival between two regimens may be explained by the difference in nephrotoxicity, associated comorbidity, different adverse-effect profile, or center effect. Furthermore, some of the patients in the study had a relatively short follow-up because of censoring. Our study period included all transplants that were done since 1995, with the duration of follow-up through the end of 2000. Of all patients who were included in the study, 997 received a transplant in 1995 and therefore had 5 to 6 yr of follow-up, 6451 received a transplant in 1996 and had 4 to 5 yr of follow-up, and 8160 received a transplant in 1997 and had 3 to 4 yr of the follow-up; patients who received a transplant in 1998 (n ϭ 8379) and 1999 (n ϭ 7025) had relatively short follow-up (1 to 3 yr).
Conclusion
Our data suggest that the PCM regimen is associated with lower risk for graft failure compared with PTM and lower risk for graft failure and recipient death compared with PCA.
